Abstract. This study analyzed the relationship between soil magnetic susceptibility and the content of Cd, Cu, Ni, and Fe on 233 samples from polluted soils of Lenjanat Region in the Isfahan. The aim was to investigate the suitability of such measurements for indicating heavy metal pollution. Heavy metal contents were determined after extraction with nitric acid. Basic soil characteristics were determined using common methods. Geochemical analysis of soil samples showed close correlation between Cd, Ni and Fe. Cd concentration was the highest of all the elements studied. The correlation between the analyzed metals and magnetic susceptibility are positive and significant for Fe and Cu. Results suggests that magnetic susceptibility can be used as a guideline to find contaminated urban areas with Fe and Cu in this region.
Introduction
Contamination of soils with heavy metals has usually occurred in areas of mining, processing, and smelting of metals ores. Sims (1986) established the toxicity and mobility of heavy metals in soil is not controlled by the total concentration only, but is depends also on metal properties (e.g. binding state) and environmental factors (e.g. soil pH, redox condition or organic matter content). Strzyszcz (1993) and Petrovsky et al. (2001) reported chemical and geochemical methods are used for monitoring of polluted areas most often. This approach requires a great number of chemical analyses of many soil sample, which is time consuming and expensive. For these reasons the environmental magnetic methods to delineate the areas of polluted soils and to assess the degree of pollution have been investigated. Cornell (1991) established various mechanisms for the coexistence of heavy metals with iron oxides in soils in have been identified. Where iron oxide particles are discharged from industrial processes, associated heavy metals can either be incorporated into their spinal structure, or be adsorbed to their surface. In a case study France, Lecoanet et al. (2003) established that bi-plots of magnetic susceptibility vs. ARM/SARM helped to distinguish the different sources of iron-oxides. Various mechanisms for the correlation of heavy metals with ironoxides in soils have been identified, especially adsorption and incorporation. Petrovsky and Ellwood (1999) and Wehland et al. (2002) found that the individual contribution depend strongly on the source of contamination, local soil geology and geochemistry. Heller et al. (1991) and Bityukova et al. (1999) reported close relationships of magnetic susceptibility with heavy metal contamination in soil has been proven by combined analyses of chemical and magnetic data. Magnetic susceptibility thus provides an indicator of heavy metal contamination of soils. Hoffmann et al. (1999) successfully measured road traffic pollution by evaluating the spatial distribution of magnetic susceptibility in the nearby soils. Only a fraction of the pollutants was airborne. Durza et al. (1993) found some correlation of magnetic susceptibility with the total concentration of heavy metals but not with individual elements. The aim of this study was to examine the relationships between measurement of soil magnetic susceptibility and the content of some of heavy metals in soil.
Materials and Methods
The present study is focused on Lenjanat Region, Isfahan, where intensive agriculture surrounded by industrial activities like steel company, cement factory and Bama Lead Mine. Twenty hundred and twenty topsoil samples from 0-10 cm depth of the three soil map units (60 samples from each) were randomly collected. The magnetic susceptibility values were recorded with a Bartington MS2 dual frequency sensor. Soil samples were air dried, crushed, and passed through 2 mm sieves prior to chemical analysis. Basic soil characteristics were determined using common methods. Metals (Cd, Ni, Cu, and Fe) were extracted by nitric acid and then their concentration was measured by flame atomic absorption spectrometry under standard condition.
Result and Discussion
The mean, minimum and maximum values and standard deviation of heavy metals content are shown in Table 1 . The concentration of Cd in 43.8% of the samples was higher than admissible limit according to! Swiss thresholds. Amini (2005) believed that land use and regional geology affect high Cd concentration in Isfahan.
In spite of high concentration of other studied elements, their limits were lower than threshold values. However, high Fe concentration could be due to the anthropogenic resources such as steel-making factories in the area. The long-term application of fertilizers may be another source for accumulation of heavy metals in the agricultural lands. (Table 2) like steel-and cementmaking factories. The correlation between the analyzed metals and magnetic susceptibility are positive and significant for Fe and Cu, and correlation between Ni concentration and magnetic susceptibility is negative and significant ( Fig. 1 and Table 2 ). For Fe, the low and significant correlation with magnetic susceptibility can be attributed to the influence of anthropogenic magnetic particulate matter. This indicates magnetic susceptibility can be used as a guideline to find contaminated urban areas with Fe and Cu. Kukier et al. (2003) mentioned that the correlation between magnetic susceptibility and Cu can be attributed to the incorporation of Cu in the crystalline structure of Fe mineral molecules. Negative and significant correlation between Ni and magnetic susceptibility may be attributed to the fact that these elements do not show an anthropogenic increase.
Conclusion
A pronounced positive and significant correlation was found in the contaminated area between the concentration of heavy metal elements Fe, Ni and Cd. There is no correlation with Cu. Magnetic susceptibility show positive and significant correlation only with Fe and Cu. Although positive correlation was reported in many other areas, there is no correlation between Cd content and magnetic susceptibility in Lenjanat region. It seems that magnetic susceptibility can be used as a guideline to find contaminated urban areas with high Fe and Cu values. Preparing the maps of magnetic susceptibility and their comparison with heavy metal maps could give a better insight for ability of this method in environmental studies. Studying these relationships in aerosols is also recommended. 
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